Twenty-six cultures were examined for the MK system of aerobic grampositive cocci. Sporosarcina ureae revealed the MK-7 system, which is consistent with that of the genus Bacillus. In the genus Planococcus, the only system composed of MK-8(MK-7) was found. The genus Staphylococcus was divided into two groups according to the MK system, viz., MK-8(MK-7) in St. aureus and MK-7 in St. epidermidis and St. saprophyticus. The genus Micrococcus was confirmed to be the most complicated; it had MK-8(MK-7). MK-8(H2), and MK-9(H2) in M. luteus, MK-9(H2) in M, agilis, and MK-7(H2) in M. varians. The pinkish red-pigmented, revised species M. agilis Aui-Cohen 1889 is distinguished from M. roseus on the basis of its MK-9(H2) system. Discussions are made on the classification of these aerobic gram-positive cocci from the viewpoint of the MK system.
composition of DNA is quite different from each other (2, 3). Other aerobic motile cocci are mostly classified in the genus Planococcus Migula 1894 (4). On the other hand, aerobic gram-positive, non-motile cocci are divided into 2 groups, based on their GC content of DNA; the first group consists of organisms with a base ratio ranging from 30 to 40 %, that are included in the genus Staphylococcus Rosenbach 1884, and the second one, those of 50-75 % GC in the genus Micrococcus Cohn 1872. The aerobic motile cocci mentioned above fill up the gap between the GC values occupied by these staphylococci and micrococci.
In the preceding paper (5), we reported the menaquinone system in coryneform and nocardioform bacteria and related organisms, and several new informations were obtained as to the classification of these organisms. This paper describes the MK system of aerobic gram-positive cocci classified in the genera Micrococcus, Staphylococcus, Planococcus, and Sporosarcina.
MATERIALS AND METHODS
Microorganisms. The microorganisms used in this experiment were obtained from the Central Research Laboratories of Ajinomoto Co., Inc., Kawasaki, by the courtesy of Drs. I. Komura and K. Yamada, and Y. Ohta, which comprised 26 cultures (Table 1) .
Culture media and cultivation. Stock cultures were generally maintained on nutrient agar slants held at 4°. For the working cultures, nutrient broth was used (meat extract 10 g, peptone 10 g, sodium chloride 5 g, per liter). Brain-heart infusion (Eiken) was added, when necessary, to the media in the concentration of 5 g/liter. The organisms were cultured as described in the preceding paper (5).
Paper chromatography and mass spectrometry. For the unequivocal identification, reversed-phase chromatography on paper and mass spectrometry were employed for MK preparations (5).
Extraction and identification o f menaquinone system. For the purpose of a rapid treatment, packed cells were used without any lyophilization. The cells (5-10 g) were dispersed in 250 ml of a mixture of ether-ethanol (4: 1), and the dispersion was vigorously shaken for 20 min. The mixture was then filtered, and the extraction was repeated three times. The combined filtrate was evaporated. The following procedures were made as described previously (5).
Determination of menaquinone in bacterial cells. Menaquinone was assayed by spectrophotometry (6). The ultraviolet absorption of isolated MK, after being dissolved in petroleum ether, was read with a Shimadzu model 88-UV spectrophotometer at 260 nm, in a cuvette with a light path of 1 cm. 
RESULTS
Menaquinone system in aerobic gram positive cocci As can be seen from the tabulated results (Table 1) , the aerobic gram-positive cocci possessed 5 species of MK system including MK-7, MK-8(MK-7), MK-7(H2), , and MK-9(H2). This is indicative of the heterogeneity of these cocci.
Menaquinone-7 was found in Sp. ureae and St. epidermidis. The normal quinone system consisting of MK-8(MK-7) was detected in all the species of the genus Planococcus and in the type of the genus Staphylococcus, St. aureus. All the strains of M, agilis had the MK-9(H2) system, which agreed with that of a large number of coryneform bacteria such as Corynebacterium xerosis, C. glutamicum, Arthrobacter globi formis, and so on (5). The MK-7 with dihydrogenated isoprene units was found in M. varians. Micrococcus luteus revealed three types of MK system, viz., MK-8(MK-7), MK-8(H2), and MK-9(H2). These results were fundamentally in agreement with those of JEFFRIES et al. (7).
Quiiione content in aerobic cocci
On the basis of the UV absorption coefficient proposed by EWING et al. (6), quinone content in a few species of the aerobic cocci was estimated. With a Shimadzu spectrophotometer, the optical density at 260 nm was read. The MK contents were calculated as 550 nmol/g of dry cells (360 ,ug/g) in M. varians AJ 1005, 340 nmol/g (220 µg/g) in Sp. ureae AJ 1232, and 320 nmol/g (230 ,ug/g) in M. luteus AJ 1217 from three separate determinations. These values were less than one-fifth of the quantity in Acetobacter intermedius IAM 1834 (8).
DISCUSSION
The genus Sporosarcina. Sporosarcina ureae is a unique organism in the aerobic gram-positive cocci. It is very similar to the genus Planococcus in its shape, motility, and GC content of DNA (9), but it has a slightly distinct interpeptide bridge consisting of an additional glycine to D-glutamate of Planococcus (2). The spore-forming cocci, on the other hand, have a close relation to the genus Bacillus, especially to B. pasteurii in its sporulation, physiological properties, and DNA base composition (10).
It is of interest that the two strains of this species gave the MK-7 system as found in B, subtilis and B. megaterium (11). WATANUKI and AIDA (12) have lately reported that all the strains examined in the genus Bacillus have the only MK-7 without an exception in spite of their variety in the gram stain. The MK-7 system of the sporosarcinae confirms a close relation to the spore-forming Bacillus rather than to the Planococcus, as pointed out by HFRDON and BoTT (13) The genus Staphylococcus. The genus Staphylococcus has been recognized to include three species, i.e., St. aureus, St. epidermidis, and St, saprophyticus (15). BAIRD-PARKER (15) stated that St. saprophyticus differed from other species of this genus in resistance to novobiocin and menaquinones in its cell membrane.
However, a dominant MK pattern of strain NCTC 7292 in St, saprophyticus (7) agrees well with the MK system of St. epidermidis, in which we examined two strains besides the neotype (Table 2) . JEFFRIES et al. (7) also detected the MK-7 pattern in the Baird-Parker's subgroups III-VI, all of which correspond to St. epidermidis. The MK-7 system of these organisms is consistent with those of the spore-forming sporosarcinae and further bacilli. The present MK-8(MK-7) system in St. aureus including the neotype agreed with the MK pattern of the BairdParker's subgroup I (7). Thus, the genus Staphylococcus is, when viewed from the MK system, divided into two groups; they are of the MK-8(MK-7) system in St. aureus and of the MK-7 in other two species, St. epidermidis and St. saprophyticus. The genus Micrococcus. A number of species in the genus Micrococcus have been reduced to only 3 ; they are M. luteus, M. roseus, and M. varians (16) . We recognized 4 types of MK system in the genus Micrococcus, indicating a heterogeneous nature of this genus.
Micrococcus varians, in which St. lactis has been included as a synonym (16), had the MK-7(H2) system (Table 3 ). According to JEFFRIES et al. (7), the MK with dihydrogenated 7 isoprene units is distributed only in the yellow-pigmented subgroup 2a of ROSYPAL et al. (17) , that contains strain CCM 884. Any of the Baird-Parker's subgroups 5 and 6, including St. lactis, did not exhibit such a dehydrogenated homolog of MK, but a normal MK-7(7). These subgroups, however, appear to have a lower GC content of DNA, e.g., 32.0 % GC in St, lactis NCTC 189 (3). Thus, it is obvious that at least two types of MK system occur in M, varians; the one is of the organisms having the dihydrogenated MK-7 and the other with the normal MK possessing 7 isoprene units. However, there is a possible evidence that the latter organisms with the normal MK system should be excluded from the species M. varians. The four strains of M. luteus revealed three types of MK system. Strain 1003 (ATCC 398) had the MK-9(H2) system, which is similar in MK to most members of the coryneform bacteria rather than to the remainder of this species (5). The strain ATCC 398, proposed as the neotype by BREED (18), has several different characteristics of a lower GC content (3), a different cell wall structure (2), and so on ( Table 3 ). The distinct system in MK suggests that this strain should be placed in a certain separate species or genus.
Strain 1009 (ATCC 4698), the neotype of M, luteus (19) , represented the MK-8(MK-7) system, which was found in all the species of the genus Planococcus and in the type species of the genus Staphylococcus. Another type of MK was present in the remaining two strains (AJ 1081 and 1217); they have MK-8(H2) ( Table 3) .
According to KOCUR et al. (3) , these three strains (AJ 1009, 1081 and 1217) have a very close GC content of around 73 %. There exists consequently no distinction in their base ratio. Previously, we mentioned a duality in the ubiquinone system of strains having GC content of 60 % in a heterobasidiomycetous yeast species, Rhodotoracla glutinis (20) . In the several strains with either ubiquinone-9 or -10, it was confirmed that those which should be classified in a haploid mating type of Rhodosporidium toruloides as a perfect form (21) were restricted only to the former strains, viz., the organisms possessing ubiquinone-9. The other members with the homolog of 10 isoprene units were ruled out in spite of showing the same GC value of DNA. It is, therefore, likely that these micrococci with different MK system might be classified in separate species or in different genera, although they have a very close base ratio.
Micrococcus agilis Aui-Cohen 1889 was first described as a flagellated motile coccus, but it has been included in M. roseus as a synonym because of no availability of motile type cultures (1b). KOCUR and SCHLEIFER (22) recently gave a revised description and designated the neotype for M. agilis. We examined 4 strains of this species and found the MK-9(H2) system, which differs from a pattern of MK-8-(H2) in M. roseus (7) ( Table 4) . KoCUR and SCHLEIFER (22) also pointed out that the two pinkish red-pigmented species were discriminated from each other in their cross-linkage bridge of peptidoglycan in their cell wall. The bridge of the former is characterized by the L-Thr-L-Ala3 type. Thus, the difference in MK has been confirmed to be reasonable among the organisms with a similar GC content.
From the results and discussions described above, several lines of evidence have been presented here that the genus Micrococcus is of a very heterogeneous nature.
There remains much to be learned in this genus as unsolved problems of the classification. In conclusion, we postulate the distribution of MK system in the aerobic gram-positive Cocci and coryneform bacteria, in which we can see a certain evolutional interrelation among these organisms (Table 5 and Fig. 1 ).
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It is likely that the more the organisms have been evolutionally changed, the longer and the more hydrogenated in the isoprenoid chain of menaquinone they have possessed.
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